Background: Soil Electrical Conductivity (EC) is one of the soil physical properties related to a number of soil indices either in it natural status or anthropogenic influenced condition within individual field or across soil landscapes such as the tripartite ecological condition under consideration. Aim: The study was aimed at understanding the varying relationship between soil EC and ionicsalinity changes under ecological tripartite condition of pre-pollution, post-pollution and phytoremediation soils. Study Design: Research methods involved the nested split plot design, carried out the Department of Botany, University of Calabar, Cross River State, Nigeria. Methods: Field sampling / laboratory analysis and SAS PROC. ANOVA (Soft Ware) for data analysis. , and moisture while Crotolaria was high in Na + , and salinity content. Conclusion: The trend observed for EC in the phytoremediation phase of the tripartite condition paralleled changes in ionic content and salinity strength. Therefore EC is a function of ionic dynamics, salinity and moisture which appears to be reliable indicator of EC potential of tripartite soil.
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Conclusion:
The trend observed for EC in the phytoremediation phase of the tripartite condition paralleled changes in ionic content and salinity strength. Therefore EC is a function of ionic dynamics, salinity and moisture which appears to be reliable indicator of EC potential of tripartite soil.
INTRODUCTION
Soil Electrical Conductivity (EC) is one of the soil physical properties which have a good relationship with other soil characteristics and properties [1] ; either within individual fields or across closely related soil landscapes [2] which could also be implied in a tripartite soil condition. Electrical conductivity have been correlated with the dynamics of soil parameters involving: moisture content [3, 4] , clay content / mineralogy [5] and cation exchange capacity (CEC) and exchangeable Ca and Mg, soil pore size / distribution and salinity strength (a function of ionic concentration) [6, 7, 8] .
However, it is widely accepted that the main factors that influence EC are soil texture, water content, and salinity [9,10,11] and study has also revealed a good correlation between these soil properties and EC [12] . The amount of salts or salinity of soil has a great impact on the electrical conductivity of soil sample. The more salts in the soil means the higher electrical conductivity value of the soil sample [13] .
Therefore, electrical conductivity represents the concentration of ions in the soil. A high level of electrical conductivity indicates a high concentration of dissolved salt ions in soil samples. Salinity is the concentration of dissolved salts stored in the soil [14] . Most of the variation in EC can be related to salt concentration for saline soils [15] . In non-saline soils, conductivity variations are primarily a function of soil texture, moisture content, and CEC [16] . However, none of the EC measurement under the trend of tripartite condition has been reported in parts of Niger Delta soil habitat.
The trend of tripartite condition involves three phenomena of occurrence of coexisting variable or non variable factors that might exhibit or exist in three dimensional configurations with similar relationship yet differ in their relative unique nature. The tripartite soil condition in the present research implies the three soil status under consideration involving the unpolluted pristine soil, polluted and phytoremediated soil conditions. Electrical conductivity is one of the perturbed properties in the presence of hydrocarbons in the soil. Soil pollution is the consequence of build up of contaminants of organic and / or inorganic nature involving toxic compounds, xenobiotics, and radioactive materials with recalcitrant properties. The most common contaminant involved in causing soil pollution in parts of Niger Delta is the petroleum hydrocarbon. This is one of the inducing agents for a tripartite condition in the experimental soil under phytotechnology application.
The aim of this study was to understand the relationship between soil electrical conductivity and ionic-salinity strength under such tripartite conditions; with the objective of evaluating environmental consequences of ionic dynamics and salinity strength through varying application rates of crude oil pollution, and use of phytotechnology in such trend of condition and secondly relating the changes associated with an ion and cation and their effect on EC under prepolluted, post-polluted and phytoremediated soil conditions of such sequence of occurrence. This sequence was planned to allow observation of temporal field dynamics of ions as a result of treatment application and biological activity.
MATERIALS AND METHODS

Field Design and Sampling
The experimental field was arranged in "nested design" [17] with a split plot for tripartite (prepollution, post-pollution and phytoremediated) soil conditions. Replicates of 20 kg sandy loam soil at standardized 0-15cm depth [18, 19] , 21% moisture content were collected in bulk from a fallowed unpolluted land in part of Niger Delta, Nigeria. The pristine soil under crude oil pollution was in four levels of concentration (V/W %) doses of 0%, 0.4%, 0.8% and 1.5% per 1,809 cm 2 surface area and in replicates of five per level.
Seven days post-pollution of the soil habitats was followed by phytotreatment of the three different levels of polluted replicates and the control replicates subjected to three species of observed 14 days healthy seedlings of Peltophorum pterocarpum, (Pp); Leucaena leucocephala (Ll) and Crotolaria retusa (Cr) of the Fabaceae plant family. The pre-pollution, post-pollution and postphytoapplication growth performance of these seedlings were monitored for a period of ten (10) months and was assessed by means of comparative analysis of the electrical conductivity based on ionic dynamic and salinity strength of the tripartite test soils.
The SAS [20] soft ware, analysis of variance (PROC. ANOVA) procedures was carried out on the data acquired from the study.
Laboratory Analyses
Determination of moisture content
Moisture content based on the tripartite condition of pre-pollution, post-pollution and postphytoapplication phases was determined on fresh weight basis after drying on an air circulation Gallenhamp oven (model IH-100) at 70-80ºC until a constant weight, with no successive difference of 0.002 was obtained as described by Stewarte et al. [18] .
Soil processing and analysis
Soil samples were air dried at room temperature (25ºC) and 70% relative humidity, further processed for stones and macro-organic matter, then ground to a relatively homogenous state and screened through a 2-mm sieve to give what is commonly referred to as the 2mm fine earth. The fine earth samples of tripartite soil conditions with the various levels of treatments were stored in fine earth screw capped receptacles from which portions were used for chemical analysis. SO ). The absorbance read at 420 nm using spectronic 20 photometer, the sulphate content was calculated by reference to a calibration curve using anhydrous potassium sulphate (K 2 SO 4 ) solution as standard.
The phosphate (PO 4 -) content was obtained as adopted in Bray and Kuntz [24] , and modified by IITA [22] method, then calculated by reference to a calibration curve using monobasic potassium phosphate (KH 2 PO 4 ) solution as standard. Extrapolation is made by multiplying phosphorus by 3.65 i.e. P x 3.65 = PO 4 -mg/g (ASTM Ascorbic acid reduction method).
The International Institute of Tropical Agricultural (IITA) [22] mixed acid digestion (wet oxidation) method as modified by the Aqua Regia method of Loring and Rantala, [25] was used for cation determination. The digested material (K + , Mg 2+ , Ca 2+ , Na + ) was set for atomic absorption spectrophotometery analysis using UNICAM AA32.
The soil water suspension salinity was measured using Bench top meter Model 8600mm (Sper Scientific, USA) with measurement range in part per million (ppm) [26] .
The photometric method of the American Petroleum Institute (API) [27] was adopted for Total Hydrocarbon (THC) content involving a reaction of 1.0 g of air dried soil, 10 ml Chloroform and Anhydrous sodium sulphate (NaSO 4 ) mixture. The absorbance of the resultant clear solution was read spectrophotometrically at 420 nm using chloroform as blank. The THC content was calculated by reference to a calibration curve using toluene as standard.
The Conductivity probe and meter method [28] was used in 1:5 soils: water suspension to determine the Electrical Conductivity (EC). Ten grams (10 g) of soil in 50ml de-ionized water was mechanically shaken at 15 rpm for 1 hour to dissolved soluble salts. Then filtrate obtained through a Whatman No. 40 filter paper into a flask. The conductivity probe was inserted into the solution, with result read and displayed on the EC meter.
Statistical Analysis
The Statistical Analysis System (SAS) PROC. NLIN procedure [20] software were used in analyzing data of 5 replicates obtained from this study using the Analysis of Variance (PROC ANOVA) procedures [20] . Statistical tests were performed to determine if temporal effects of tripartite condition were significant for the soil conductivity. Where significant differences were observed, the tripartite (pre-pollution, postpollution and phytoremediation) soil conditions were separated according to the procedures of the Duncan's New Multiple Range Test (DNMRT) among means using least significant difference (LSD) tests at 5% probability level. Pearson correlations were computed for soil conductivity and measured soil ionic constituents and was applied to determine the relationship between the parameters of the pre-and post-polluted and post-phytoremediated soil conditions.
RESULTS AND DISCUSSION
The result as established by the ionic dynamics and salinity strength across the tripartite soil condition of pre-pollution, post-pollution and phytoremediation was presented in Table 1 . The chloride (Cl -) in the pre-polluted soil was nonsignificantly different (P =.05) from the postpolluted and phytoremdiated soils. The nonsignificant difference across the tripartite soil conditions can be due to sensitivity of chloride to the crude oil that might have affected the soil of the entire area in question. Lack of significance of Cl -might insinuate that pollution had no effect on the parameter in the present research. However, research has shown that hydrocarbon pollution may elevate Cl -content of soil [1] as could be exemplified in a weak positive correlation (r = 0.10; P =.05) between THC and Cl - (Table 2) . Though a significant difference (P =.05) was observed in P. pterocarpum treated high pollution soil, averagely a non-significant greater Cl -content relative to species controlled and pre-polluted soils was recorded among the macrophytes in the order Pp>Cr>Ll. The trends observed for Cl -among the macrophytic treated soil condition can imply changes in hydrocarbon soil condition. This was exemplified in a positive correlation (r = 0.55; r = 0.30; r = 0.40; P =.05) THC with Pp, Cr, and Ll respectively (Table 2) . Averagely, slight Cl -increase among the macrophytic soils with a higher content in P. pterocarpum treated soil condition was observed with a corresponding positive correlation (r = 0.75; r = 0.64; r = 0.50) with Pp, Ll, and Cr respectively.
The non-significant increase in NO 3 -content at increasing pollution levels can be attributed to input arising from the content of mineral elements in the crude oil and innate dynamics of soil NO 3 -level. This corroborates the assertion by Okonokhua et al. [29] and Nwite and Alu [30] who has observed increased nitrate in hydrocarbon contaminated soil. The dynamics of soil available NO 3 -level in the phytoremediation phase of the tripartite condition may have resulted from the process of organic N mineralization. This corroborates the assertion that Nitrogen mineralization to yield Ammonium (NH 4 ) and further oxidized to NO 3 -can be enhanced by microorganisms' involving aerobic bacteria [31] . The decrease among macrophytic treated soils can be associated with the loss of NO 3 -from soil due to denitrification or leaching that may have occurred under wet soil condition of water regime application. This was exemplified in a positive correlation (r = 0.06; P =.05) between NO 3 -and moisture content; positive correlation (r = 0.55; r = 0.40; r = 0.30; P =.05) of THC with Pp, Ll, Cr, and negative correlation (r = -0.05; P =.05) between THC and NO 3 -. Averagely, the species treated hydrocarbon soil had lesser nitrate than pre-polluted, post-polluted and species controlled soils, possibly implying that the macrophytes aided by hydrocarbon utilizing microbes had utilized available nitrogen in the soil. However, P. pterocarpum treated soil had greater nitrate content, with non-significant variation among macrophytic soils in the order Pp>Ll>Cr (Table 1) . Similar assertion on soil nitrate dynamics has been recorded by Parkin et al. [32] and Eigenberg et al. [31] . The reduction in SO 4 -across the various levels of soil pollution, non-significantly different (P =.05) with negative correlation (r = -0.27; P =.05) between THC and SO 4 -was recorded. However, study has revealed increased sulphate concentration in crude oil polluted soil due to high sulphur presence in crude oil, which gets oxidized to sulphate when exposed to surface [14] . The non-significant decline in phosphate ion (PO 4 -) concentration at 0.4% and 0.8% pollution level lower than that in pre-polluted soil despite a slight increase at 1.5% pollution level can be justified by a positive correlation (r = 0.17; P =.05) between PO 4 -and THC. This can also corroborates several studies that crude oil at various degrees decreased PO 4 -concentration [26, 33, 34, 35] . Phosphate decline can be due to nutrient imbalance as a result of increased carbon concentration from THC and hence the soil microbes utilizes THC as a carbon source they could utilize considerable amount of phosphorus in degrading THC [36] . The increasing trend of Averagely, the species treated hydrocarbon soil had lesser SO 4 -than species controlled soil but higher than pre-polluted and post-polluted soils, non-significantly different (P =.05) with P.pterocarpum soil recording the greater ionic content in order of Pp>Cr>Ll. In similar observation the species treated soil had higher PO 4 -content than species controlled and prepolluted soils, with L. leucocephala soil recording greater phosphate content in order of Ll>Pp>Cr.
The exchangeable bases (alkaline earth metal) exhibited dynamism in various degrees of crude oil pollution. Exchangeable base such as Mg The salinity strength (concentration of electrolytes -salt) had recorded significant (P =.05) increase at various pollution levels in comparison to the unpolluted pristine soil. This can be exemplified in the positive correlation (r = 0.27) between THC and salinity. The salinity level in the soil of most humid regions of Niger Delta is normally very low. However, there are areas affected by elevated cations and anions due to pollution that may have correspondingly elevated EC levels. This corroborates Abdulfattah et al. [14] who has revealed the effect of crude oil spillage on physico-chemical properties of soil. Related studies have shown that salinity strength is the function of dissolved salt concentration in the soil [1, 14] . Increasing concentration of electrolytes in soil water will dramatically increase soil EC. This can be exemplified in the present study The salinity across phytoremediation condition showed significant variation with reduction among species hydrocarbon treated soil, though higher than species controlled soils and lower than prepollution and post-pollution soil conditions. Averagely, the macrophytic treated soils had C. retusa hydrocarbon treated soil with higher salinity among the species soil in the order Cr>Ll>Pp, with corresponding positive correlation (r = 0.35; r = 0.45; r = 0.60).
The electrical conductivity at the various pollution levels was higher in comparison to unpolluted soil with significant difference (P =.05) at 1.5% pollution level. This can be exemplified in a positive correlation (r = 0.19) between THC and EC. Similar trend under polluted condition has been reported in Abdulfattah et al. [14] . Though the soil EC value range of 19.98 -30.43 mSm The macrophytic treated hydrocarbon soil EC declined at various levels of species treatment with non-significance difference (P =.05) except at 1.5% level of C.retusa treated soil. Peltophorum hydrocarbon treated soil had EC lower than pre-polluted and post-polluted condition but higher than species controlled soil. Leucaena soil EC was lower than post-polluted and species controlled condition soils but higher than pre-pollution. Though the soil EC value range (12.95-61.94 mSm -1 = 0.13 -0.62 dSm -1 ) observed across the species treated soil conditions were generally below the threshold of 0.8 -1.0dSm-1 (soil: water, 1:1), averagely C.retusa treated hydrocarbon soil had the highest EC as compared to pre-polluted and post-polluted condition but lower than species controlled soil and significantly different (P =.05) at 1.5% level among the species in the order of Cr>Ll>Pp. This was represented in a positive correlation (r = 0.30; r = 0.49; r = 0.25) of EC with Cr, Ll, and Pp respectively ( Table 2 ).
The trend observed for EC during the phytoremediation phase of the tripartite condition paralleled changes in ionic content and salinity strength. That conductivity declined through out the phytoremediation phase with values reaching below the EC threshold, this can be predicated on the dynamics of ionic levels; hence it has earlier been noted in this study that conductivity is a function of ions and salinity strength as well as moisture content. Despite the increased moisture level across macrophyte treated soils in the order of Ll>Pp>Cr with positive correlation (r = 0.56; r = 0.45; r = 0.30) of moisture with Ll, Pp, and Cr respectively, fluctuation in water content might partially be associated with oscillations in EC. The decrease in moisture content and EC in Peltophorum treated hydrocarbon soil as well as the decrease in EC content of Leucaena treated hydrocarbon treated soil despite it greater moisture could be due to high water use efficiency and ionic uptake by the plant species. This reaffirms the study which obviously indicated water and nutrient uptake characteristics of growing plant as major factors controlling soil EC [31] . Further more the presence of rye plant as a growing cover has resulted in significantly lower level of EC, which was associated with lower level of nitrate in the soil [46] . Similar phenomenon could be justified with the decreasing trend of ions ( with Pp, Cr ( Table 2) . Under field conditions decrease in conductivity are partly due to reduction in soil water content [31] . From this study it can be affirmed that ionic changes and salinity strength appears to be a reliable indicator of gains and loses in soil EC and can serve as reliable indicator of electrical conductivity dynamics in soil phytoremediation measures.
CONCLUSION
Soil Electrical Conductivity (EC) is among the soil physical properties with a good correlation to other soil characteristic. The use of EC in ecological characterization of soil landscape is qualitative; hence it can vary within range of values. In this present study measurement and status of EC across the variant effect of tripartite landscape of pre-pollution, post-pollution and phytoremediation soil condition was identified. Differences in EC were attributed to variation in the dynamics of ionic content and salinity strength across the tripartite soil condition. Correlation with soil properties involving cations, anions and soil moisture have shown that EC can be estimated as a function of a single variable across the various soil conditions with 99.95% confidence level at P =.05 significant difference. In tripartite soil condition the effectiveness of pollution in escalating EC vis-à-vis ionic content, salinity strength and soil moisture as well as phytoremediation ameliorating is well identified. Based on the foregoing relationship and variation it was obvious that such apparent correlation between EC and ionic content can be used to guide field and laboratory investigation and its data interpretation.
